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Na-Al-rich chondrules are a chemically distinctive suite of As Fig. 1 includes only those Na-Al-rich chondrules wflD
chondrules found in ordinary chondrites [1, 2]. They form a wt% Al,O; and as Na and Al covary in identical fashion for
subset of Al-rich chondrules that also include Na-Al-Ca-rich, Na-Al-rich chondrules and melt-pocket glasses, it seems likely
Na-Al-Cr-rich, and Ca-Al-rich varieties [1, 2]. It has been pro- that the Na and Al contents of these two types of objects over-
posed that Al-rich chondrules were produced by the impact-lap considerably.
induced, collisional separation of the molten mesostases of Normative compositions (Fig. 3). Melt pockets are de-
chondrules [3]. Instead, based on compositional similaritiespleted in normative olivine (MgO, FeO) compared to H- and L-
between Na-Al-rich chondrules and melt pocket glasses, wegroup silicate [4, 5], and have compositions that scatter about
suggest that Na-Al-rich chondrules formed by the incipient an olivine-variation trend passing through mean H- and L-
shock-melting of chondritic material. Melt pockets are glassy group silicate (Fig. 3; data sources the same as for Fig. 1). The
regions in chondrites that were produced by localized, shock-normative compositions of Na-Al-rich chondrules scatter, but
induced melting [4-6]. They often contain insets of olivine, appear to lie on an olivine-poor, orthopyroxene-poor, and feld-
chromite, metal, and troilite [4, 5]. Most of the olivine grains in spar-rich extension of the trend shown by melt-pocket glasses
melt pockets appear to have been derived from the host rock irfFig. 3).
an unmelted state [4, 5]. Interpretation. The major-element compositions of Na-Al-

Ca-Si (Fig. 1). Although the major-element compositions rich chondrules and melt-pocket glasses are distinctive from
of Na-Al-rich chondrules and chondrule mesostases are similarchondrites and typical ferromagnesian chondrules, yet generally
in most respects, the latter tend to be enriched in &@aO similar to one another, suggesting that both formed by similar
(Fig 1; data sources: [1, 5, 8-12]). This suggests that Na-Al-richprocesses. Melt pockets clearly formed by the localized, shock-
chondrules do not represent chemically unmodified samples ofinduced melting of chondrites, and the same may have been
the mesostases of typical ferromagnesian chondrules. In contrue for Na-Al-rich chondrules. However, the two types of ob-
trast, the Si@and CaO contents of melt-pocket glasses and Na-jects differ in their overall form (droplets. dispersed masses),
Al-rich chondrules overlap substantially, although on average,and they show systematic differences in their compositions.
the former have a slightly higher Ca/Si ratio (Fig. 1). The normative compositions of melt-pocket glasses (Fig. 3) are

Na-Al (Fig. 2). The hallmark of Na-Al-rich chondrules is  suggestive of incomplete melting of olivine during incipient
their enrichment in Na and Al relative to typical chondrules and impact-melting of chondrites. The normative compositions of
the silicate fraction of chondrites. Bischoff and Keil [1, 2] arbi- Na-Al-rich chondrules (Fig. 3) can be explained by the incom-
trarily considered only Na-rich objects wi#i0 wt% ALO; to plete melting oboth olivine and orthopyroxene during impact-
be Na-Al-rich chondrules, but noted that similar objects with melting of chondritic material. The slightly lower Ca/Si ratio of
lower Al contents are also present in chondrites. Relative to H-Na-Al-rich chondrules compared to melt pockets (Fig. 1) is
and L-group chondrite silicate (and most chondrules), melt- consistent with the idea that less Ca-bearing pyroxene would
pocket glasses are also enriched in Na and Al [5] (Fig. 2; datéhave had to melt to form Na-Al-rich chondrules than to form

sources same as for Fig. 1). melt-pocket
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